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IMPROVED F,UEL INJECTOR HEAD 
FIELD OF THE INVENTION 

[0001] The present invention relates to gas turbine 
engines, and more particularly to a fuel nozzle head. 

BACKGROUND OF THE INVENTION 

[0002] Efforts have been made to improve fuel injectors, 
particularly the fuel nozzle heads, to achieve better, 
atomization of fuel and durability, as conventional gas 
turbine fuel nozzle heads have shortcomings. For example, 
carbon build-up or coking on the nozzle body is a problem. 
One solution to overcome coking is to provide an extremely 
smooth surface adjacent the nozzle head tip in order to 
reduce surface friction. However, this is an expensive and 
often unpractical solution. 

[0003] Therefore, there is a continuing need for improved 
gas turbine fuel nozzle heads which control both the fuel 
spray pattern in an effective and economical manner, 
facilitating carbon free nozzle tips and efficient cold 
start operability and low pollutant emissions. 

SUMMARY OF THE INVENTION 

[0004] One object of the present invention is to provide 
an improved fuel nozzle head. 

[0005] In accordance with one aspect of the present 
invention, there is provided a gas turbine fuel nozzle head 
which comprises a central fuel discharging orifice, and a. 
first annular array of air discharging orifices surrounding 
the central fuel discharging orifice and communicating with 
an air source. A common annular outlet passage 

communicates with the first annular array of air 
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discharging orifices. The common annular outlet passage 
has a curved annular transitional surface extending 
smoothly to a substantially radial and annular surface 
relative to a central axis of the fuel nozzle head, for 
directing a first portion of a mixing air flow at a fuel 
flow exiting the • fuel discharging orifice. 

[0006] In accordance with another aspect of the present 
invention, there is provided a gas turbine fuel nozzle head 
which comprises a central fuel discharging orifice and a 
first annular array of air discharging orifices surrounding 
the central fuel discharging orifice and communicating with 
an air source. The first annular array of air discharging 
.orifices communicates with a common annular outlet passage 
having a substantially radial and annular surface relative 
to a central axis of the fuel nozzle head, for directing a 
first portion of a mixing air flow substantially 
perpendicularly towards a fuel flow exiting the fuel 
discharging orifice. The fuel nozzle head further includes 
a second annular array of air discharging orifices 
surrounding the common annular outlet passage and 
communicating with the air source, for directing a guiding 
air flow angularly towards a mixed fuel/air flow. 

[0007] The gas turbine fuel nozzle head preferably 
comprises an end defining a substantially radial and 
external surface around the central orifice therein. The 
central orifice communicates with the common annular outlet 
passage and the central fuel discharging orifice, for 
discharging the mixed fuel/air flow. 


[0008] The present invention provides a low cost 
compact structure with accurate air flow control . 


and 
The 
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present invention has also proved useful in optimizing cold 
start/altitude re-light capabilities . 

[0009] Other features and advantages of the present 
invention will be better understood with reference to the 
preferred embodiments described hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] Reference will now be made to the accompanying 
drawings, showing by way of illustration preferred , 
embodiments thereof in which: 

[0011] Fig. 1 is a schematic cross-sectional view of ah 
aircraft gas turbine engine; 

[0012] Fig. 2 is a partial enlarged view of Fig. 1, 
showing the fuel injector and the combustor; 

[0013] Fig. 3 is a partial cross-sectional view of a fuel 
injector according to an embodiment of the present 
invention; 

[0014] Fig. 4 is a simplified partial view of Fig. 3 # 
showing the tangential mixing air passages and guiding air 
passages ; 

[0015] Fig. 5 is a front elevational view of the fuel 
injector of Fig. 3; 

[0016] Fig. 6 is a partial cross - sectional view of a fuel 
injector according to another embodiment of the present 
invention; and 

[0017] Fig. 7 is a partial cross-sectional view of a fuel 
injector according to another embodiment of the present 
invention . 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0018] A typical application is for a turbofan engine 
illustrated schematically in Fig. 1 incorporates an 
embodiment of the present invention, presented as an 
example of application of the present invention, and 
includes a housing or nacelle 10 a low pressure spool 
assembly seen generally at 12 which includes a fan 14, low 
pressure compressor 16 and low pressure turbine 18, a high 
pressure spool assembly seen generally at 20 which includes 
a high pressure compressor 22 and a high pressure turbine 
24. There is provided a burner seen generally at 25 which 
includes an annular combustor 26 and a plurality of fuel 
injectors 28 for mixing liquid fuel with air and injecting 
the mixed fuel/air flow into the annular combustor 2 6 for 
combustion. 

[0019] Referring to Figs. 1 and 2, the annular 
combustor 26 is disposed between the high pressure 
compressor 22 and the high pressure turbine 24, and is 
supported within a core casing 3 0 of the turbofan engine. 
The plurality of fuel injectors 28 (only one shown in Fig. 
2) are disposed circumf erentially spaced apart one from 
another and mounted within the core casing 3 0 as 
illustrated. Each of the fuel injectors 28 includes an 
elongated stem 32 and a fuel nozzle head 34 connected to 
the downstream end of the stem 32 . 

[0020] Stem 32 is configured with conventional structures 
adapted to be affixed to the core casing 30 and to include 
at least one fuel passage extending therethrough for 
delivering fuel into the fuel nozzle head 34. The fuel 
nozzle head 34 is attached to an annular front wall 36 of 
the annular combustor 26, via a sliding collar 26a for 
atomizing the fuel and injecting the atomized fuel into the 
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annular combustor 2 6 for combustion. Compressor air used 
for the atomizing and injecting of the fuel, as well as for 
combustion in the combustor 26, is delivered through a 
compressor air diffuser (not shown) and is filled into the 
space around the fuel injectors 2 8 and the annular 
combustor 26. 

[0021] In Fig. 3 the fuel injector 28 is shown as a high- 
shear airblast fuel injector according to one embodiment of 
the present invention. The fuel nozzle head 34 includes a 
nozzle head body 4 0 attached to the downstream end of the 
stem 3 2 of the fuel injector 2 8 by any well known means 
such as welding. The nozzle head body 4 0 includes a • 
cylindrical portion 42 extending axially and outwardly from 
the downstream end of the stem 32 of the fuel injector 28, 
and defines a central longitudinal axis 44 thereof. The 
cylindrical nozzle head body 40 has an end 46 with a 
truncated conical central portion 48 projecting axially 
therefrom. A central air passage 50 extends through the 
cylindrical nozzle head body 40 and terminates at a 
downstream end of the truncated conical central portion 48. 
The central air passage 50 communicates with the compressor 
air in the space within the core casing 30 of Fig. 2. The 
central air passage 50 further includes an air swirling 
device which is schematically illustrated at numeral 54, 
which forces a portion of mixing air to flow in a swirling 
pattern through the central air passage 50, as indicated by 
arrows 55. Air inlet passages 52 extend tangentially with 
respect to the central air passage 50. The swirling 
direction 55 can be clockwise or ant i -clockwise . 

[0022] The fuel nozzle head 3 4 further includes a 
cylindrical head cap 56 which fits onto the nozzle head 
body 40 and is concentric with the central air passage 50 
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of the nozzle head body 40. The head cap 56 defines a 
central truncated conical cavity 58 with a central 
orifice 60. The truncated conical central portion 48 of 
the nozzle head body 40 is recessed within the central 
truncated conical cavity 58 of the head cap 56 in a spaced- 
apart relationship, thereby forming an annular fuel 
passage 62 therebetween which communicates with a fuel 
source (not shown) for discharging the fuel through the 
central orifice 60 and into the combustor 26. 

[0023] Referring to Figs. 3-5, the cylindrical head cap 56 
further includes an annular cavity 64 communicating with 
the inside of the combustor 2 6 through a central nozzle 
head orifice 66 which is disposed downstream of the central 
orifice 60, and communicates with the annular fuel 
passage 62 and the central air passage 50 through the 
central orifice 60. The central nozzle head orifice 66 may 
be defined as a circular opening, but is preferably 
configured with a wiggled periphery. As shown in Fig. 5, 
the central nozzle head orifice 66 includes a substantially 
circular periphery with . a plurality of cut-outs 67 being 
preferably disposed circumf erentially and evenly around the 
central nozzle head orifice 66. Each of the cut-outs 67 
preferably defines a semi -circular opening. Nevertheless, 
the cut-outs can be configured with any alternative shapes, 
such as slots. 

[0024] The central nozzle head orifice 66 has an average 
diameter Dl substantially greater than the diameter D2 of 
the central orifice 60, which is in turn slightly greater 
than the diameter D3 of the central air passage 50. 

[0025] The annular cavity 64 is disposed concentrically 
with respect to the annular fuel passage 62 and the central 
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air passage 50. The annular cavity 64 further defines a 
substantially radial and annular surface 68 and a truncated 
conical surface 70. A curved annular transitional 

surface 72 extends to smoothly join the substantial and 
annular surface 68 and the truncated conical surface 70. 
The substantially annular and radial surface 68 forms a 
smooth extension of the curved annular transitional 
surface 72 at one end thereof, extending inwardly at a 
substantially perpendicular angle relative to the 
longitudinal central axis 44 of the fuel nozzle head 34 and 
terminating at the central nozzle head orifice 66. At the 
other end of the curved annular transitional surface 72, 
the truncated conical surface 70 forms a smooth extension 
thereof, extending inwardly and angularly towards the 
longitudinal central axis 44 of the fuel nozzle head 34, 
and terminating at the central orifice 60. 

[0026] A plurality of mixing air passages 74 extend 
inwardly and angularly through the head cap 5 6 and 
terminate at the curved annular transitional surface 72, 
thereby forming a first annular array of air discharging 
orifices 76 (see Fig. 3). Each of the mixing air 
passages 74 in the longitudinal cross-section of the fuel 
nozzle head as shown in Fig. 4, extends, at a preferable 
angle with respect to the longitudinal central axis 44 of 
the fuel nozzle head 34 . Said preferable angle is 

substantially equal to the conical angle of the truncated 
conical surface 70. The truncated conical surface 70 
defines a plurality of grooves 79 thereon (see Fig. 5) , 
which are disposed to align with the respective mixing air 
passages 74 to form smooth extensions thereof. The mixing 
air passages 74 and their extended grooves 7 9 are 
preferably disposed tangentially with respect to the 
central orifice 60 such that the compressor air surrounding 
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the fuel injectors 28 and the combustor 26, is directed 
through the air passages 74 and into the annular cavity 64 
in a swirling pattern. 

[0027] The cylindrical head cap 56 further includes a 
front end defining a substantially radial and external 
surface 78 extending inwardly towards the longitudinal 
central axis 44 of the fuel nozzle head 34 and terminating 
at the central nozzle head orifice 66. A plurality of 
guiding air passages 80 extend tangentially through the 
cylindrical cap member 56 with respect to the longitudinal 
central axis 44 of the fuel nozzle head 34, and terminate 
at the substantially radial and external surface 78 to form 
a second annular array of air discharging orifices 82. The 
second annular array of air discharging orifices 82 
surround the central nozzle head orifice 66. 

[0028] In operation, fuel is discharged through the 
annular fuel passage 62, preferably in a swirling pattern, 
and meets with the core swirl air flow 55, thereby forming 
a substantially hollow and cylindrical fuel film exiting 
the central orifice 60 (which functions as a central fuel 
discharging orifice) along the longitudinal central axis 44 
of the fuel nozzle head 34. The mixing air flow passes 
through the tangentially disposed mixing air flow 
passages 74, entering the annular cavity 64 (which 
functions as a common annular outlet passage) . A first 
portion of the mixing air flow is directed along the curved 
annular transitional surface 72 and then the substantially 
radial and annular surface 68, to flow at a substantially 
perpendicular angle with respect to the longitudinal 
central axis 44 towards the substantially hollow and 
cylindrical fuel film. A second portion of the mixing air 
flow in the annular cavity 64, with its tangential movement 
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inertia, is directed along the truncated conical surface 70 
and the tangential grooves 79 thereon, to flow angularly 
and tangentially towards the substantially hollow and 
cylindrical fuel film, thereby, in combination with the 
core swirl air flow within the substantially hollow and 
cylindrical fuel film, to atomize the fuel film. 

[0029] The first portion of the mixing air flow possesses 
less tangential inertia after being directed along the. 
curved transitional annular surface 72 and then the 
substantially radial annular surface 68, thereby striking 
the substantially hollow and cylindrical fuel film exiting 
the central orifice 60 at a very sharp angle, which tends 
to disrupt low velocity area at a location on the truncated 
conical surface 70 near the central orifice 60. The first 
portion of the mixing air flow tends to intersect the 
second portion of the mixing air flow downstream of the 
central orifice 60 and within the fuel nozzle head 34, as 
illustrated by lines 83 and 84 in Fig. 4, thereby 
maximizing the interaction of the mixing air f low *with the 
substantially hollow and cylindrical fuel film for better 
atomization of the fuel and greatly reducing the likelihood 
of coking occurring on the truncated conical surface 70 
near the central orifice 60. The curved annular 

transitional surface 72 reduces pressure losses while 
providing the sharp angled guidance of the first portion of 
mixing air flow. 

[0030] The guiding air flow passes through the guiding air 
passage 80 and exits the second annular array of 
orifices 82, to flow tangentially and radially inwards and 
in a downstream direction towards the mixed fuel/air flow 
exiting the nozzle head central orifice 66. The angle of 
the guiding air passages 80 with respect to the 
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longitudinal central axis 44, is smaller than the angle of 
the mixing air passage 74 with respect to the longitudinal 
central axis 44 such that the guiding air flow interacts 
with the mixed fuel/air flow downstream of the fuel nozzle 
head 34 within the combustor 26 for further atomization of 
the fuel . 

[0031] The wiggled periphery of the nozzle head central 
orifice 66 generates high turbulence flow in the vicinity 
of the nozzle head central orifice 60. This localized 
turbulent energy and inherent vortex shedding contribute to 
improved mixing between nozzle core air and the guiding air 
flow, thereby improving the interaction of the fuel with 
the mixing air . 

[0032] In Fig. 6, another embodiment of the present 
invention is illustrated which is a high-shear air-assist 
fuel injector, generally indicated at numeral 128. The 
high-shear air-assist fuel injector 128 includes components 
and features similar to those in the high-shear airblast 
fuel injector 2 8 of Fig. 3, which are indicated by numerals 
in the 100 series with the last two digits similar to the 
numerals indicating similar parts in Fig. 3, and will not 
therefore be redundantly described. 

[0033] The fuel nozzle head 134 includes a cylindrical 
head cap 156 identical to the cylindrical head cap 56 of 
Fig. 3, except that the central nozzle head orifice 166 
includes a circular periphery without the wiggled cut-out 
portions 67 shown in Fig. 5, as an alternative 
configuration of the central nozzle head orifice. The fuel 
nozzle head 134 includes a rear body 101 affixed to the 
downstream end of the stem 3 2 of the fuel injector 12 8, and 
defines an axial recess 103 which communicates with the 
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fuel passage in the stem 32. A valving device 105 with a 
stem 107 is provided within the axial recess 103 for 
adjusting a fuel flow passing through the axial recess 103, 
preferably in a swirling pattern. 

[0034] A front body 109 is attached to the rear body 101 
and is secured together therewith by the head cap 156 by 
any well known means such as threads, brazing, etc. The 
front body 109 includes a rear axial recess 111 having 
cylindrical sections (not indicated) and a truncated 
conical section 113 which are disposed co-axially with the 
central ' stem 107, and in combination with the axial 
recess 103 and the central stem 107 form an annular and 
axial fuel passage defined between the central stem 107 and 
the rear and front bodies 101, 109. The central annular 
and axial fuel passage communicates with the annular cavity 
164 defined in the head cap 156, through a central hole 
115. 

[0035] The front body 109 includes a front end 14 6 with a 
projecting truncated conical central portion 148, similar 
to those indicated by numeral 4 6 and 4 8 of Fig. 3, but the 
projecting truncated conical central portion 148 is sized 
to fit into the truncated conical cavity 158 such that no 
space is provided therebetween. The front body 109 further 
includes a front central cavity (not indicated) defining an 
annular surface 117 extending from the central hole 115 
radially and outwardly in a downstream direction relative 
to the fuel flow, and terminating at the central 
orifice 160 defined in the head cap 156. 

[0036] In operation the fuel is delivered through the fuel 
passage (not shown) in the stem 3 2 into the annular and 
axial fuel passage around the central stem 107, preferably 
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in a swirling pattern, and is discharged through the 
central hole 115 and the central orifice 160 to mix with 
the first and second portions of mixing air flow within the 
head cap 156. The mixed fuel/air flow then further 
interacts with the guiding air flow discharged from the 
orifices 182 at a location downstream of the fuel nozzle 
head 134. The fuel, atomization of this embodiment is 
similar to that described with respect to the high-shear 
airblast fuel injector 28 of Fig. 3, with the exception of 
having no core swirl air flow contained within the fuel/air 
flow. 

[0037] The present invention further advantageously 
provides a simple structure which uses holes and slots 
surrounding the fuel exit, thereby accurately controlling 
the mixing and guiding air flows with relatively low 
manufacturing expenses, in contrast to the conventional 
vane swirler configuration. Furthermore, the present 

invention provides high- shear interaction of mixing air 
with the fuel flow to achieve desirable atomization of fuel 
and avoid restriction of the air affective area usually 
associated with a compact hole and slot configuration. The 
high-shear airblast or air-assist fuel injectors of the 
present invention particularly improve cold start and 
altitude re-light operations. 

[0038] Modifications and improvements to the 

above-described embodiments of the present invention will 
beapparent to those skilled in the art. For example,, the 
present invention may be applied to other nozzle types than 
simply the examples presented. Similarly, the invention 
may be employed in other environments than those described, 
and is not limited to the gas turbine or combustor 
configurations presented. Though presented as a single- 
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piece design, a fuel nozzle head according to the present 
invention may be provided in any number of pieces, and any 
configuration which may, for example, facilitate 
manufacturing, etc. For instance, the invention may be 
provided as a "cap" or insert 90 co-operating with a fuel 
nozzle body 92, as shown in Fig. 7. Thus, the foregoing 
description is intended to be exemplary rather than 
limiting and the scope of the present invention is 
therefore intended to be limited solely by the scope of the 
appended claims. 


